The continuum-thermodynamical approach is proposed for describing mechanical and diffusive processes in bodies with microstructure. Different physical states of admixture particles in a local body structure are taken into account. Features of a stresseddeformable state are discussed on an example of diffusive saturation of a layer in this case.
I. INTRODUCTION
A local microscopic structure of real solid bodies significantly influences the process of admixture particle diffusion [1] . These particles are in different physical states when they occupy different positions in a structure of solid solutions, polycrystalline bodies or fine-grained media (for example, in different kinds of interstices of solid solutions or on a boundary and in space of a grain of polycrystalline body, etc.). In these states admixture particles are characterized by distinct concentration coefficients and mobilities.
In a macroscopic description of mechanical and diffusion processes in such bodies we can frequently be restricted to consideration of two different states of admixture particles. It is in agreement with different diffusion coefficients. Such a mass transfer process is accompanied by admixture transition from one state into another. In this case mechanical stresses caused by the redistribution of admixture particles depend not only on the gradients of their concentrations, but also on their local distribution between the states.
The continuum approach describing processes of diffusion by two ways was proposed in paper [2] . Certain generalizations and mathematical aspects of the continuum approach applications were considered in works [3] [4] [5] . Almost simultaneously a more general continuum-thermodynamical approach was formulated in articles [6, 7] . Continuum representations [8] and methods of non-equilibrium thermodynamics [9] were used for modelling constitutive equations. Such investigations are summed up in monograph [10] .
Certain generalization of the continuum-thermodynamical approach to the description of mechanical and diffusive processes in bodies with microstructure is presented below, as well as the results of investigating the processes in a layer. A number of non-classical distributions are
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quantitatively described for admixture concentration and corresponding contributions of concentrations into stresses. Areas of applicability for approximate models are established, in particular, for the models with effective characteristics.
II. REFERENCE POSITIONS
Let us assume that a body is inserted into the threedimensional Euclidean space referring to the rectangular Cartesian set of coordinates { } 
α =
In a macroscopic description a body is considered as a spatially heterogeneous three component thermodynamical system *.
K As a component we take particles of the basic material 0 * K forming a deformable matrix, and admixture particles in different physical states 1 * K and 2 * K (admixture consists of particles of one chemical kind). Continuum K i (i = 0, 1, 2) is assigned to each component * i K of the body. And the whole body is associated with a continuum of mass centres K c [11] . Then the processes of deformation and heat transfer are described with the use of kinematic characteristics of continuum K c . The diffusion processes are treated as motion of points of continuums K i relative to the points of continuum K c .
We assume the hypothesis of local thermodynamical equilibrium [11, 12] . The local state of the system is defined by values of conjugate thermodynamical parameters: absolute temperature T and the entropy s; density the components of the Cauchy stress tensor Let us assume now the internal energy density u as a thermodynamical potential, i.e. we suppose the functional dependence u = u(s, ε α,β , C i ) is known. Then from the Gibbs equation (1) 
Then the dependences ( ) 
that follow from Eqs. (2) , are used in a linearized form. From the laws of conservation of mass, momentum, and energy we obtain [10] ( ) is the Cauchy stress tensor [8] We also neglect viscosity effects.
The thermodynamical fluxes and forces define the change of density of the kinetic potential Φ that is a part of the internal body energy related to non-equilibrium processes, i.e. [11, 14] .
X X X Φ = Φ r r r then we define the thermodynamical fluxes by the formulae , , , ( 1 , 2 )
where
is the gradient of the scalar field , Φ X α are the components of the vector X r in the chosen Cartesian set of coordinates.
In this case, for an isotropic body basing on the Curie principle [11] the relations between fluxes and forces obtained from Eqs. (6) , are
In models of solid mechanics, the kinetic equations are mostly used in the linear forms, as follows , ,
where λ and
are scalar and tensor kinetic coefficients. In a general case these coefficients can be functions of the intensive variables of the state.
On the basis of the relationships (1)- (7), taking into account kinematic dependences, we can construct a complete set of equations of the model for the description of the coupled mechanical, heat transfer and diffusion processes. In many cases such a set of equations is written with the use of kinematic characteristics of the mass centre continuum.
III. THE MODEL OF MECHANICAL AND HETERODIFFUSION PROCESSES
Let us specify the above-mentioned set of equations (1)- (7) for isothermal conditions and small deformations. We do not make a difference between contravariant and covariant quantities for small deformations. Then we define a local thermodynamical state by the values of parameters 1 , , 8) are the components of the deformation tensor [8] , u α are the components of the vector of displacements , and a u x r are the Cartesian coordinates of the mass centre continuum ( ) 
where K is the compression modulus, G is the modulus of shear 
is the deformation tensor ( , 1,2,3).
α β =
According to the kinetic equation (7), fluxes i J r are proportional to the gradients of chemical potentials, and scalar flow J is proportional to its local rate. Hence, for the linear state equations (9) we can write ( ) 
where l D are the diffusion coefficients (l = 1, ..., 4) i D ε is the coefficient of the influence of volumetric deformation field gradient on mass fluxes (i = 1, 2); i k are the kinetic coefficients for the process of local particle intertransitions from one state into another, and k ε is the coefficient defining the influence of volumetric deformation field on this process.
Let us substitute (8) , (9) and (11) into (10) and take the constant coefficients (material characteristics) in the state equations (8) and the kinetic model relationships (11) . Then we obtain the set of equations for heterodiffusion, in the form
Here Δ = ∇ ⋅∇ r r is the Laplace operator.
IV. MECHANICAL AND HETERODIFFUSION PROCESSES IN A LAYER
Let us consider a layer of thickness l referred to Cartesian coordinates, i.e. X-axis is normal to its surfaces and the origin of the coordinate set lies on the upper surface The layer boundaries are free against the external mechanical action (0, ) ( , ) 0. 
Let us substitute (14) into (12) and (9) . Then, to determine the concentrations of admixture particles we obtain the following set of differential equations 
Similarly, the problem is reduced to determine the concentrations ( ) , ,
To construct a solution of the original problem (13), (17) and (15), we apply the finite Fourier sine transformation over a space coordinate and the Laplace integral transformation with respect to time. The solution is as follows
which satisfies the initial and the boundary conditions 
is solved by the Laplace transformation. Finally, we find an analytical solution for concentrations in the form of a trigonometric series. Whereas the obtained solution is awkward, we show its explicit form for the following particular case of the initial and boundary conditions ( ) Let us substitute the obtained relationships (24) and (25) into (18). Then the expression of the total mass flow across the layer is written in the form 
V. INSTANTANEOUS CHANGES OF A LOCAL PARTICLE STATE (EFFECTIVE CHARACTERISTICS)
Let us regard that the relaxation time for diffusion is larger than the relaxation time for the processes of particle transitions from state 1 into state 2 and vice versa, i.e. the local equilibrium distribution of admixture particles between states 1 and 2 in the process of their spatial redistribution is ascertained almost instantaneously. Then, within the time scale, with the condition of the equality of the chemical potentials, we obtain that
are the effective coefficients of concentration related to both volume and diffusion changes. Under the conditions of thermodynamical equilibrium relative to particle transition on the layer surface for finding the solutions of the initial-boundary value problem, we need to substitute coefficient η by 2 k k and 1 η − by 1 k k in the formulae for the concentrations, total flow and stresses. Then the coefficient * k is to be assumed zero, i.e. * k = 0.
VI. RESULTS OF NUMERICAL ANALYSIS
Let us show the results of numerical analysis for the concentrations and stresses yy σ on the basis of the solutions (24)-(26) and (28). The estimation of the corresponding model coefficients was taken for isotropic polycristalline bodies assuming the states of admixture particles on a boundary (i = 1) and in space (i = 2) of a grain as physically different ones. The majority of the source data have been taken from [1] .
In calculations we take up K = 10 11 N/m 2 , G = In this case we use the following dimensionless variables Remark that parameter η depends on the conditions of mass exchange with an external medium and the medium of subsurface layer. For example, in the case of polycrystalline bodies from a gas medium or liquid one, we can take this parameter as proportional to the ratio of grain boundary area and full interface area. It is possible to propose other variants of interpretation, for example, when the equilibrium distribution of admixture particles between states 1 and 2 is on the interface, then the parameter value is 
VIII. CONCLUSION
From the above-mentioned results, including numerical calculations, it is clear that the distributions of the stresses and concentrations can differ quantitatively and qualitatively from analogous ones related to forbidden intertransitions of admixture particles between different states (the model of noninteractive flows: k 1 = k 2 = 0. The limiting case of instantaneous establishment of local thermodynamical equilibrium between states 1 and 2 (using the effective characteristics on the basis of equations (32) We ascertain that for small time intervals and in an area near the surface x = l, where admixture particle diffusion in state 1 is determined, the values of admixture concentrations and corresponding stresses can be determined with satisfactory accuracy by the use of effective material characteristics.
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